M r = 542.25, triclinic, a = 5.676 (1), b = 12.210(2)
Introduction. In a study of the compound Ca2(NHa)-HT(PO4)4.2H20 (Takagi, Mathew & Brown, 1980) it was found that the structure could be successfully refined in space group P], although this required the ammonium ion to be statistically disordered in the vicinity of a center of symmetry. However, the resulting structure contained three hydrogen bonds that crossed centers of symmetry that were unusually long (_>2.50 A) for symmetric hydrogen bonds. It was not possible using X-ray diffraction to study the hydrogen positions to determine whether the bonds were truly symmetric, were disordered across the centers of symmetry, or whether the structure was actually noncentrosymmetric. Single crystals of the ammonium compound large enough for neutron diffraction measurements were not available, but some large single crystals of an isomorphous compound with potassium substituted for the ammonium were obtained. This study was undertaken to determine the symmetry of the compound and the configuration of the hydrogen bonds. 0108-2701/84/091499-04501.50 Experimental. Crystals prepared by procedure of Flatt, Brunisholz & Chapuis-Gottreux ( 1951) . Cell parameters by least-squares fit of 20 values of 15 reflections in the range 48-54 ° , measured at both positive and negative settings on a Picker X-ray diffractometer using graphite-monochromated Mo K~t 1 radiation (2 = 0.70932 A). X-ray diffraction data collected using 0--20 scan technique. Diffractometer control programs of Lenhert (1975) . Neutron diffraction data collected on four-circle neutron diffractometer at NBS research reactor using a procedure described previously (Prince, 1972) , in which a preliminary measurement of peak height is made, and only those reflections whose peak heights exceed background by at least 2tr are considered to be observed and measured further by a 0-20 scan. The cell parameters from the X-ray measurements were used. Crystal and experimental data are given in Table 1 . Intensities reduced to structure factors, structure refined using RFINE4 (Finger & Prince, 1975) . ~wi(IFotl-I Foil) 2 minimized. Scattering factors and anomalous dispersion corrections for X-rays and scattering factors for neutrons from International Tables for X-ray Crystallography (1974) . Patterson map and electron density maps confirmed that the structures of the potassium and ammonium salts were isomorphous. Therefore, atomic coordinates of Ca2(NH4)H7(PO4)4.2H20 (Takagi et al., 1980) were used as initial parameters in refinement of X-ray data. Neutron refinement weights determined initially by wi= 1/[O'c2/+ (0.025Fo/) 2] where o2i is variance of ith structure factor based on counting statistics. In later stages of refinement robust/resistant weighting scheme used (Nicholson, Prince, Buchanan & Tucker, 1983) : w'/= Wi[1 --(ri/s)2] 2 for I ri/sl <_ 1, w} = 0 otherwise, r t denotes W]/2(IFoi I --I Foil), s is resistant measure of scale chosen to be 91r~l m, where I ril m is median of absolute values of r i. Initial parameters from preliminary refinement of X-ray data. Four different versions of model used: (1) space group .4 e/tt-3 0.02~ Extinction parameter § 2.7 (4) x I0 -5 9 (3) x 10 -7 * Calculated from counting statistics. ~'The absorption correction was applied using XRAY76 (Stewart, Machin, Dickinson, Ammon, Heck & Flack, 1976) . For neutrons no absorption corrections were applied.
~: The unit is density of nuclei with scattering length 10 fm. § Zachariasen (1967) . For neutrons the parameter is the product /'xt.
PL with potassium atom on center of symmetry; (2) space group P1, with half a potassium atom in each of two positions symmetrically displaced from center; (3) space group P1, with potassium atom in single off-center position and with temperature factors of pairs of atoms related by center in models 1 and 2 constrained to be equal; and (4) space group P1, with all temperature factors unconstrained. Because of well known numerical problems with refinement in noncentrosymmetric space groups of structures that are almost centrosymmetric first few cycles of model 3 utilized an alternative more stable algorithm of the type known as a quasi-Newton algorithm (Broyden, 1972) . Table 2 is a summary of the R indices and numbers of parameters for all four models.
Discussion. The final atomic parameters for the X-ray and neutron refinements are listed in Tables 3 and 4 , respectively. Inasmuch as the structures of Ca2(NH4)-HT(PO4)4.2H20 and Ca2KHT(PO4)4.2H20 are isomorphous, and the structure of the former has been described in detail (Takagi et al., 1980) , the discussion will be limited to the bonds involving hydrogen atoms, as determined in the neutron refinement.
As can be seen in Table 2 , each of the three lower symmetry models shows an improvement in the fit, relative to the next more restrictive model. In each case the R ratio test (Hamilton, 1965) shows that the probability of observing that improvement by chance is essentially zero (less than 10-6). Model 4, however, has (3) 0.5952 (l) 0.1098 (2) 2.02 (7) 0.1388 (2) 0.7647 (1) 0.4351 (2) 1.27 (5) 0.4220 (3) 0.5984 (l) 0.5390 (3) 2.25 (6) -0.0615 (3) 0.5853 (I) 0.4134 (3) 2.04 (7) 0.2440 (2) -0.0352 (l) 0.1426 (2) 1.25 (6) 0.7464 (2) -0.0320 (1) 0-3192 (2) 1.21 (5) 0.5312 (2) -0.1685 (l) 0.3986 (2) 1.46 (6) 0.4632 (3) -0.1833 (l) -0.0326 (2) 1.84 (6) 0.1434 (3) 0.2477 (1) 0.1743 (2) 1.55 (6) 0.392 (5) --0.191 (2) 0.396 (4) 2.8 (5) 0.570 (6) --0.205 (3) --0.059 (5) 3.4 (7) 0.034 (5) 0.284 (2) 0.052 (4) 2.5 (5) 0.259 (6) 0-303 (3) 0.299 (6) 5.2 (7) 0.0 0.5 0.0 8.6 (13) 0-5 0.5 0.5 13.2(15) 0.0 0.5 0.5 3.4 (8) * Hamilton (1959) . t" Atom is statistically disordered across a center of symmetry. An occupancy factor of 0.5 was used in all calculations. one anisotropic temperature factor matrix that is not positive definite, and the refined position parameters are not markedly different from those of model 3. For this reason further discussion of the detailed structure will be based on the parameters of model 3. Table 5 gives a list of selected bond distances for both refinements,* and Table 6 gives details of hydrogenbond configurations. Fig. 1 is an overall view of the structure.
The immediately apparent salient feature of model 1 was a very large anisotropy in the temperature factor of the potassium atom, and the fact that there was substantial improvement in the fit in going to model 2 with only three additional parameters is a strong (Johnson, 1965) showing the unit cell of Ca2KHT(PO4)4.2H20.
indication that the potassium does not occupy a single potential well located at the center of symmetry. Three hydrogen atoms, H(11), H(13), and H (14), occupy centers of symmetry in model 2 but not in model 3. As was expected, in view of the long O-O distance, two of these hydrogen bonds refined to asymmetric configurations. H(14), however, remained very close to the center of the bond, although one of the oxygen atoms became unusually far away from its associated phosphorus atom. To determine whether this might be due to a false minimum, the hydrogen atom was displaced to a position 1.0 A away from the oxygen with the long P-O distance, on the assumption that this oxygen was more likely to be the donor, and the refinement was repeated. In two cycles no other atom moved significantly, but H(14) returned to its position close to the center of the bond. Fig. 2 shows the three hydrogen bonds involving the hydrogen atoms that occupy centers of symmetry in models 1 and 2. It is apparent that all three of these hydrogen atoms have large amplitudes of thermal vibration nearly parallel to the O-O vector, which implies that the potential wells, whether they have single or double minima, are rather flat in that direction.
